Introduction
Similar to other kinds of materials, oil is one of the essential energy sources for manufacture and transport of goods. Oil prices, therefore, impact positively on production and consumer prices, and on the other hand their fluctuations should lead to temporary reduction in the total output as there is a pause in corporate investment under uncertain circumstances or due to rising costs in reallocation of resources.
Despite being one of the crude oil exporters, due to limited domestic supplies and reserves, Vietnam has imported large quantities of oil products annually to respond to domestic demand. Thus, the economy seems to be sensitive to oil price fluctuations, compared to others with larger oil supplies. Moreover, Vietnam's oil prices are affected greatly by price control and intervention policies as adopted by the Government.
Thus, the issue of response of an economy to oil price shocks receives rapt attention of both academia and policy makers. In fact, much research addresses the relation between oil prices and macro variables for the cases of the US and OECD countries, or a group of Asian countries (excluding Vietnam) , while a few studies conducted in Vietnam inspect such macro factors as growth, inflation, public expenditure, or unemployment rate, albeit with inadequate examination of effects of oil price shocks on these factors.
To fill this gap we focus our investigation on these relations in contrast to other studies on the same topic, using TVAR estimation to explore the existence of any oil price threshold that alters the impact of oil price shocks on the economy, besides the impulse response analysis to examine oil price effects on these four macro variables.
Theoretical foundation

Oil price fluctuations and their impacts on the economy
 Oil price effects through total supplytotal demand relation According to the Keynesian theory, high costs of production materials (oil prices) would give rise to production costs and consumer prices, reducing real wages and thereby the labor supply. This is conducive to a negative relation between oil prices and economic efficiency, yet a positive correlation between oil prices and other prices as well as unemployment rate. From the standpoint of oil demand and inputs in the production function including labor, capital, and energy, when oil prices rise, firms will have to decide between reduced degree of oil use and higher production costs, thus causing a reduction in output. In addition, rising crude oil prices result in almost instant increases in the prices of alternative fuel sources or oil products, causing firms to give consideration of whether they should make less oil use or accept rising costs and consequently causing a drop in the growth rate and productivity. Hamilton (1983) initiated approaches to demonstrate that a rise in oil prices could negatively affect the macro efficiency. Bernanke (1983) argued that when firms are aware of increasing uncertainties about future oil prices, it is best to postpone their investment decisions, which leads to lower total output. Particularly, as firms have to face the choice of technology pertaining to energy efficiency, the more volatile the oil prices, the more important their decision to defer investments.
Supporting this viewpoint, Ferderer (1996) documented that the instability derived from oil price shocks causes a decline in investment demand, arguing for a negative correlation between oil prices and output but their positive association with inflation. Meanwhile, if consumers anticipate that an increase in energy prices is temporary, they may have to save less or borrow more, thereby causing a decrease in real balance and an increase in prices (Cologni & Manera, 2008) . Thus, one can see that rising oil prices are attributable to not only economic slowdown but also increased inflation.
Given goods supply, rising oil prices will reduce output as this signals that the availability of primary inputs for production will decline. As a consequence, the growth rate and productivity drop, and lower productivity growth reduces rates of increase in real wages and increases unemployment (Brown & Yucel, 1999 , 2002 . Thus, oil price shocks may increase the marginal cost of production in many fields, diminishing output and therefore causing higher unemployment rates. In addition, higher oil prices raising the costs of inputs are associated with reducing degrees of investment and affect volumes of output.
Another transmission channel of oil price shocks to economic activities is the wealth shift, caused by rising oil prices, from oil importers to oil exporters (Fried & Schultze, 1975) . Higher oil prices can be regarded as a kind of tax imposed by oil exporters on oilconsuming nations. Increases in income earned by the population in oil-exporting countries will boost consumer demand or demand for exports from oil-importing countries, which partly offsets the decline in their domestic demand.
According to the purchasing power parity (PPP) theory, increasing demand for manufactured goods from oil-importing countries will lead to adjustments to the exchange rate in order to keep constant the aggregate demand in these countries. Nevertheless, Brown and Yucel (2002) maintained that if prices are rigid, a reduction in demand for goods, especially energy-intensive goods, in the oil-importing countries, should be conducive to higher unemployment rates and reduced GDP growth rates. Previously, Mork (1994) also explained this transmission mechanism using real balance effect, whereby a rise in oil prices would increase demand for money. When there is no corresponding increase in money supply, higher interest rates will have an effect on the growth rate.
 Effects of oil prices through firms' and employees' responses Some indirect effects of oil prices on inflation are behavioral responses of enterprises and employees. For non-energy goods and services offered by firms, increased production costs can be shifted into higher consumer prices, while employees may react to increases in the cost of living by requiring higher wages. In such a circumstance a decrease in real wage balance could produce negative effects on the wealthiness of the household and therefore on consumption and output (Cologni & Manera, 2008) .
Particularly, oil price shocks are likely to increase the marginal cost of production in many energy-intensive production sectors and lead firms to a switch to the application of new, less energy-intensive production modes. This change results in a reallocation of capital and labor between production areas, which may affect long-term unemployment. Since work skills features area-based specialization and it takes certain time to search for jobs, the absorption of labor would tend to lengthen. In other words, localized shocks will lead to increased unemployment rates due to the reallocation of labor resources. Loungani (1986) argued that if the oil price increase lingers, it can alter the structure of production and have a significant impact on unemployment.
 Effects of oil prices through monetary policy channel A few other studies (Tatom, 1988; Bernanke et al., 1997) ascribed the monetary policy behavior to a channel for economic effects of oil price shocks. With the goals of enhancing employment opportunities and stabilizing prices, interest rate could be allowed to rise to curb inflation but could also be accompanied by unexpected drop-offs in demand. Additionally, if the response of prices is slow, then this policy could cause a large increase in the unemployment rate. On the other hand, to tackle a drop in aggregate demand and facilitate output stability, the central bank will adopt lower interest rates to temporarily offset losses in real GDP, which has a direct impact on prices, and inflation continues to rise. As a result, increased oil prices will affect the potential output in a complicated fashion. In addition, one can find that following an oil price shock, the energy-intensive parts of the economy would become obsolete and need to be replaced over time. To this extent inflation pressures could be even higher, so relatively more tightened monetary policy is necessary to bring inflation down to the target. Bernanke (2004) documented that responses of the central bank to inflationary pressures caused by rising oil prices should be reliant upon the overall conditions of the economy. If inflation levels remain low within the range allowed, it is not advisable to intervene by tightening monetary policy. Conversely, if recent oil price shocks do cause inflation to rise to the upper bound and the prices are forecast to keep on increasing, then it truly is. Accordingly, most macroeconomic theories and recent studies suggested that increased oil prices have a negative influence on the economy, whether it is direct or indirect, through higher inflation or unemployment rates but lower growth rate. Moreover, depending on responses of monetary policy, increases in the price of oil can affect differently on growth. Empirical research was also developed to provide more evidence to substantiate these findings.
Other relevant studies
 Adverse effects of oil price shocks One of the first investigations into the impact of increased oil prices on real income in the US and other developed nations is Hamilton (1983 Hamilton ( , 2011 , who found a significant and negative correlation between oil price changes and real GNP growth of the US, and their positive correlation with unemployment rate. Most American economic recessions were suggested to be driven by sharp increases in the price of oil. Therefore, wide and unpredictable fluctuations of oil prices have enabled much research on their relations with macro variables such as real GDP, prices, unemployment, and real investment in different countries. Most of these studies, however, were conducted for the case of the US or obtained the sample of developed countries; only a few highlight the landscape of Asian countries, albeit excluding Vietnam. These studies have also shown undesirable effects of increases in oil prices on the macro variables although these may vary according to each specific period or country. Thus, the puzzle is whether reduction in oil prices exerts a positive impact on the economy, which stimulates a line of research to address the nonlinear impact of oil price shocks on the economy.
 Non-linear effects of oil price shocks Increased oil prices are often accompanied by lower output, but reduced oil prices do not contribute to higher output. The reason for such asymmetric fact lies in reallocation effect and adjustment cost (Hamilton, 1996; Cunado & Gracia, 2003; Huang et al., 2005) . Rising oil prices lead to the shrinking of total supply as firms reduce their output to cope with higher input costs, and this is also conducive to lower aggregate demand because of the insecurity as can be felt by customers when they have to make investment decisions. Furthermore, increases in the oil of price result in the economic reallocation of energy, from the energy-sensitive sector to the energy-efficient one. All these factors combine to produce the effect on slowing down economic growth. On the other hand, lower oil prices stimulate production of firms and household spending, but a reallocation by sector in the opposite direction should stunt the growth. In addition, the rigidity of nominal wages (capital having been revised up after oil price increases) causes adjustment costs in the labor market, which means that nominal wages do not fall and production costs stay high. Hence, lower oil prices cannot be deemed a contributor to increased output.
Monetary policy has been suggested to be a cause of asymmetric effect (Bernanke et al., 1997) , that is, the tightened or loosened policy can be adopted by the central bank to respond to effects of increased oil prices, whereas similar policy responses seem not to have been a case in the event of oil price reduction.
Other studies in favor of the asymmetric effect of oil prices (Hooker, 1996; Mork et al., 1994; Ferderer, 1996; Cunado & Gracia, 2005) suggested that output does not respond symmetrically to oil price shocks because there are application and development of oil saving technologies or use of alternative resources during increased oil prices. In contrast, for a drop in the price of oil, firms immediately cease these types of investments to minimize sunk costs; hence, fewer effects are exerted on the economy when oil price decreases than when it increases.
In the context of Vietnam some empirical investigations have been carried out to quantify oil price effects on macro factors (Nguyen et al., 2009; Narayan, 2010; Le & Nguyen, 2011; Nguyen & Tran, 2012; Pham et al., 2015) , which, however, captures inflation and GDP growth rates without consideration of unemployment or budget expenditure. Furthermore, these authors have not defined the oil price threshold at which oil price changes exert favorable or adverse impact on the economy.
Thus, in order to address such a gap, this study aims to analyze the effects of the price of oil on macro variables, including inflation, growth, budget deficit, and inflation in Vietnam and also to find out the oil price threshold which governs the possible changes.
Methodology
Research model
We employ multivariate regression technique, using two-regime TVAR as follows:
where vector of yt comprises inflation, budget deficit, growth and inflation rate.
yt = [OIL CPI DEFICIT GDP UNEM-PLOYMENT]
where qt is a threshold variable (oil price), denotes the threshold value, and αi , i = 1, 2, … is a 2x1 constant vector.
A lag polynomial features
where Aij is a 4x4p matrix, j = 1, 2, 3, …, and L is a lag operator.
Conditional impulse response function (CIRF) versus generalized impulse response function (GIRF)
After the TVAR estimation, the next step is to capture the impulse response function. Given the nonlinear model, the response of endogenous variables to a certain shock depends greatly on the past history, the state of the economy and the extent of the shock to be studied in period zero. The levels and signs of all the shocks have effects on economic performance during the surveyed period, or a shock at period t may trigger a switch of regime at period t+d, where d is the estimated lag of the threshold.
In this study we adopt both kinds of functions with mutual effects, including: (i) regime-dependent impulse response function (also known as conditional impulse response function-CIRF); and (ii) generalized impulse response function (GIRF). CIRF describes the response of the system to a shock in each regime identified through the inflation threshold that has been estimated. This implies that different responses can only be exhibited in an assumed regime, and CIRF, therefore, is considered the linear response function in the scope of a regime assumed.
Nevertheless, CIRF may not be compatible with the ultimate macro impact of a shock if a shift in regime throughout the cycle of reaction is likely enough, demanding consideration of the nonlinear impulse response analysis, which does not assume that the system remains in a certain regime at the start of the shock. For instance, a big enough shock for a variable results in a shift of the economy from the original regime. Generally, the nonlinear impulse response differs from its linear counterpart in that it depends on the history of time series, as well as the size or extent of the shock. Accordingly, we perform analyses of both CIRF and GIRF, and the latter is estimated using bootstrapping as suggested by Balke (2000) . Estimating GIRF is based on the reference of an impulse response function to conditional changes in expectations. The response at period k (from 1 to h) of the variable y to the shock at period t (ut) is defined by: (i) differences in the expected values of y and the shock and particular historical condition (Ωt−1) of the shock at period t-1; and (ii) the expected value of y in case of no existence of such a shock (Koop et al., 1996) .
Following previous literature, we employ bootstrapping as a simulation technique to estimate the expected GIRF value. We consider the assumption that at the time of the shock the model is under a particular regime. In the first step initial values of actual and adjacent lag values of endogenous variables are selected corresponding to the historical value (Ωt−1) for one of the defined regimes. The number of sets of initial conditions should be similar to that of observations in each regime where the impulse response function is estimated.
A series of shocks are next randomly selected from the remainder of the system. For each series, a number of variables concerned are simulated with the conditional model based on a particular history being considered. The model allows for regime changes during the simulation, which provides the estimate E (yt+k/ Ωt−1). In the second step a similar random series of shocks are used, but in this case a superior shock (ut), equivalent to the shock of one standard deviation of the variable to be considered, is added at period t to each series of shocks. This results in another estimate E (yt+k/ ut Ωt−1). The difference between the results of the two estimations creates a simulated value of GIRF. This process is repeated 1,000 times for each set of initial observations. The average value of the simulated GIRF produces the final estimate of GIRF at period k with a given regime. The confidence band of each period k is then determined from the standard error of GIRF on the assumption that the shock follows a normal distribution. Afterward, this process is used to generate different impulse responses under other regimes.
Data
This study applies quarterly data covering the 2000-2015 period to several variables, such as oil price (OIL), inflation (CPI), growth (GDP), budget deficit (DEFICIT), and unemployment rate (UNEMPLOY-MENT). The data are retrieved from ADB, Reuters, and GSO. Particularly, the oil price (in USD) is chosen as the spot price of crude oil on the Dubai market; inflation (%) is calculated by rate of increase in the consumer price index (CPI); growth is measured by GDP growth rate; unemployment rate (%) is obtained in the form of the unemployment rate recorded for urban areas; budget deficit (%) is calculated as ratio of deficit to GDP. Data on oil prices and CPI are monthly data, so we take average to obtain quarterly data. Due to unavailability of quarterly statistics on budget deficit, Quadratic-match average is also performed. The sample covers 64 observations. The study uses original data series to estimate the parameters in TVAR as suggested by Pirovano (2012) for different types of VAR models 1 .
Descriptive statistics reveal sharp fluctuations in crude oil prices over the study period with their lowest and highest rates of USD18.24/barrel and USD116.67/barrel in Q4/2011 and Q2/2008 respectively. While the CPI of Vietnam fluctuates in the same direction as the price of oil, the other three factors tend to fluctuate in opposite direction, which can be observed through the statistics on their correlation coefficients.
Empirical results and discussion
Testing for nonlinearity
Initially, we conduct a nonlinearity test for TVAR against the linear VAR model, using oil price as a threshold variable. The threshold value is a turning point at which oil price effects on macro variables vary from being significant to being insignificant, or vice versa. To check the null hypothesis of linearity (m = 1 regime) against nonlinearity (m = 2 regimes), we adopt the modified multivariate linearity test suggested by Hansen (1999) and Lo and Zivot (2001) . The Likelihood Ratio statistic LR is as follows:
where ∑0 denotes the covariance matrix estimated in the model under the null hypothesis and ∑1 is the matrix estimated using other alternatives. The nonlinearity test results are reported in Table 3 .
Table 3 LR test results
In Table 3 p-value = 0 implies that the null hypothesis can be rejected and that the two-regime TVAR model, with the estimated oil price threshold of USD27.6/barrel is suitable to measure oil price effects on the Vietnam's economy. The optimal lag selected for TVAR as per AIC is 1. Table 5 depicts the estimated results of TVAR with the oil price employed as a threshold variable. Oil price effects on macro variables are insignificant for the first regime, but significant mostly for the second one. Additionally, observations on oil prices above the threshold level (USD27.6/barrel) account for a large proportion (76.19%); hence, we focus on the second regime to analyze the response of the economy to oil price shocks.
Oil price effects can be interpreted as follows: (i) below the threshold level of USD27.6/barrel no substantial evidence is found of their impacts on inflation, growth, budget deficit, and unemployment rate; and (ii) above this level a positive shock caused by increased oil prices gives rise to inflation, budget deficit, and unemployment rate, represented by their correlation coefficients at 1%, 10%, and 5% levels respectively in the later term, whereas an insignificant effect is found on GDP.
The results of positive effects of oil price shocks on inflation and unemployment are in agreement with the findings of Hamilton (1983) , Pindyck and Rotemberg (1983) , Gisser and Goodwin (1986) (1996), Brown and Yucel (2002) , Tang et al. (2010) , Cunado and Gracia (2005) , Cologni and Manera (2008) , Bernanke et al. (1997) , and Ran and Voon (2012) . This is because an increase in the price of oil has led to rising production costs and consumer prices yet declining investment demand.
Oil price effect on GDP growth: This study finds neither significant impact of the oil price shock on growth in GDP or output in Vietnam, which is similar to Olomola and Adejumo (2006) , nor its more persistent effect than those of prices and currency on output and investment (Tang et al., 2010) . As also documented by Hamilton (1983) and Burbidge and Harrison (1984) , changes in oil prices exert profound and negative influence on growth, but no evidence was produced for all observed terms. Thus, our finding on the oil price effect on growth is dissimilar to earlier studies in the context of Vietnam as can be explained by oil price effects on output through different responses of monetary policy.
Oil price effect on budget deficit:
The results are consistent with those of Rafiq et al. (2009) for the case of Thailand, which suggested that during the Asian financial crisis, the impact of oil price volatility are transmitted to the deficit. The effect, despite scarcely verified owing to limited empirical evidence as shown in previous investigations, well matches the characteristics of the Vietnam's economy during the study period due to several of the following reasons:
Increased oil prices raises production costs, reduces firms' earnings or tax revenues, and contributes to higher levels of budget deficit.
Higher oil prices, in spite of being favorable to oil exploiters and oil trading enterprises, inevitably have adverse influence on certain fields, such as transportation, production of fertilizers/plastics, exploitation of natural resources, fisheries, metallurgy, and most of the others. Along with exchange rate fluctuations, the price of crude oil affects greatly the cost of production and profitability of enterprises in the economy-the source of budget revenue. Firms whose materials for production are derived from crude oil would suffer a severe reduction in profit, which contributes indirectly to larger deficit.
Budget revenue from crude oil tends to shrink over the years.
In fact, budget revenue from crude oil sales, especially the proportion of crude oil revenue to total revenue tends to decline (i.e. increased oil prices do not contribute as greatly to budget revenue as before). Even during the year 2008 when increased oil prices reach the highest level, contributing crude oil revenue of VND89.6 thousand bil. (increase of 16.4%, compared to that of 2007-VND76.98 thousand bil.), the proportion of crude oil revenue to total budget revenue decreases from 24.37% (2007) crude oil prices), and as of 2016 it is predicted to stay at 5.37% in the event the average crude oil price remains of USD60.00/barrel 2 .
In the meantime, demand for imported petroleum products is constantly on the increase to cater for manufacturing, services, and consumer sectors. Accordingly, higher oil prices result in increased production costs yet lower firms' profitability, thereby causing reduced budget revenue or larger budget deficit.
In addition, there exist other indirect impacts such as rising oil prices attributable to increased inflation; monetary policy can be adjusted toward being more tightened in response to this by raising interest rates, which in turn lift further costs or reduce firms' investment, adversely affecting total state revenue 3 . From the perspective of consumers, as the price of oil rises, households have to increase spending for daily travel, thus forcing them to cut down consumption of other goods or reduce savings. Increased freight rates are associated with rising prices of consumer goods; thus, consumers would suffer concurrent disadvantages derived from the energy expenditure. This should contribute to limited consumption and curtailed production, causing economic stagnation and little increase in the budget revenue from consumer goods.
Impulse response analysis
As discussed in the Methodology Section, we perform a test on CIRF for each regime given a positive shock. The results of impulse response analysis reveal that in Regime 1 with a shock of oil price increase of one standard deviation, inflation increases by 0.9% during the next two quarters and then reduces significantly to equilibrium after four quarters. On the other hand, regarding Regime 2 an oil price increase of one standard deviation causes inflation to increase by 0.06% in over one coming quarter and then decreases to the equilibrium rate after four quarters. After reaching the equilibrium the inflation rate tends to drop during later terms.
Concerning the response of GDP growth to the oil price shock, in Regime 1 when the oil price increases by one standard deviation, GDP reduces sharply by around 0.05% in less than one next quarter to below the equilibrium rate and steadily rises afterward. Meanwhile, in Regime 2, the response of GDP to the oil price shock is quite different from that in Regime 1: it declines gradually by 0.14% and becomes stable after three quarters.
As for budget deficit, in Regime 1 one standard deviation increase in the oil price shock entails increase in the deficit of 0.08% after one quarter; it then reduces slightly and continues rising after four quarters. The deficit response, nevertheless, is not similar in the second regime: it constantly increases up to the third quarter and decreases throughout the next ones.
In the same vein responses of unemployment to oil price shocks are differentiated for the two regimes. In Regime 1, an oil price shock leads to increase in unemployment of 0.0025% after one quarter. After that, it declines and returns to equilibrium in the third quarter but then steeply rises. Given Regime 2, the unemployment rate increases sharply by approximately 0.008% right in the first quarter and continues to mount up in the next two ones; not until the fourth one does it slightly reduce despite remaining high.
Finally, to inspect the possibility of a shift from one regime to the other if the shock is strong enough, we employ another response function-GIRF. The results indicate differences as recorded from responses of GDP, budget deficit, and unemployment rate in Regime 1, whereas the CPI response, in respect of both regimes, appears not to diverge from itself when CIRF is considered. The evidence, once again, verifies vivid oil price effects on CPI as well as no particular shift from one regime to the other during oil price changes. Similar results are obtained concerning the other variables (plots of GIRF are not reported due to space constraint).
Conclusion and policy implications
Conclusion
The empirical findings from this study demonstrate the nonlinearity of oil price effects on the Vietnam's economy through such indicators as inflation, growth, budget deficit, and unemployment rate over the 2000-2015 period given both inspected regimes. The oil price threshold, as shown, is USD27.6/barrel.
In Regime 1, we find no evidence of significant effects of the price of oil on all the four macro variables. However, when oil prices exceed the threshold level of USD27.6/barrel in Regime 2, a shock of oil price increase has powerful impacts, which result in rising inflation, deficit, and unemployment rate. The GDP response, particularly, is not statistically significant in Regime 2. These results are in line with relevant theoretical and empirical findings as well as the reality of the Vietnam's economy in connection with the world' crude oil prices.
Implications
In terms of oil prices below the threshold (USD27.6/barrel), no significant evidence is revealed of higher oil prices which affect inflation, growth, budget deficit, and unemployment rate. Still, due to the data series demonstrating mostly their increase besides little reduction over the study period, it is imperative to have further research with more conclusive evidence.
Considering higher oil prices, their adverse effects on a certain economy are recognizable. In long terms this negative side can become a driving force for businesses, inspire management to adopt policies that encourage firms' technological investment toward economical and efficient use of energy sources, minimizing the need for oil usage. Also from the subjective perspective, the impact should be taken as a motivation for State's and firms' investments in the development of alternative fuel sources and increased use of them in production and daily life.
Additionally, the empirical results suggest certain risks posed to the economy at high oil prices, which demands price-related prevention measures, as particularly taken by oil importers or oil-based input users. Regarding managerial agencies, this is to motivate their continued development of derivatives market, satisfying the requirement for risk prevention.
A declining share of budget revenue from oil sales, the constantly reduced price of oil since the end of 2014, and the empirical results which show that rising oil prices will not help improve the deficit raise an issue that the State revenue should be specifically generated from domestic services and manufacturing to ensure stability and sustainability. Moreover, this should lead to further issuance of policies on regulating oil prices or those pertaining to corporate investment and trading. Favorable conditions and support should, therefore, be provided to improve firms' competitiveness and earnings, as a means to cultivate more revenue Notes 1 Pirovano (2012) 2 according to the 2016 budget plan approved by the Government 3 This transmission channel is clarified in Bohi (1991) and Bernanke et al. (1997) .
